Abstract: Global climate change has great potential for escalating the number and duration of extreme heat events in California. California accounts for 16% of U.S. crop production, and over 450,000 people are employed in agriculture, with more than two-thirds being of Latino ethnicity. Despite Cal/OSHA regulations which specify that potable water, toilets, shade and rest be provided to agricultural workers, heat related illnesses and deaths still occur. The MICASA Study is a population-based sample of 467 hired farm worker households from Mendota, in California's Central Valley. 474 study participants completing follow-up interview and working in agriculture in the year prior are included in this analysis. Men reported an average of 222 d (SD=69.7) of work compared to 148 d (SD=67.3) for women (p<0.0001). Over 91% of participants reported receiving training on heat-related illness, but level of heat illness knowledge was moderate with 70% responding correctly to 4-5 questions. Knowledge about acclimatization was low, with 44% severely underestimating the time required, and water consumption was low at an average of 10.7 drinks per day. Results suggest important areas to target for heat illness prevention in farm worker populations and that gender specific approaches may be needed for effective heat illness prevention.
Introduction
Heat-related illness causes significant sickness and death, especially in the Central Valley of California, which rates among the most productive agricultural areas in the world. Specific impacts of global climate change suggest that greater climate variability, increases in California's average temperatures, and increases in nighttime low temperatures have greater potential for escalating the number and duration of extreme heat events 1) . More dramatically, the state has suffered a sharp increase in the frequency of heat stress events, and it is likely that extreme heat events will continue to increase with global climate change [2] [3] [4] .
In California's two-week heat wave of 2006, there were 16,166 excess hospital visits, 1182 excess hospitalizations and over 400 excess deaths 5) .
Young, relatively healthy individuals, such as manual laborers 6, 7) , military recruits 8) and athletes 9) represent distinct populations at risk for exertional heat-related illness. Risk factors for exertional heat-related illness include lack of acclimatization, poor physical fitness, and being overweight Industrial Health 2013, 51, 47-55 that U.S. crop workers suffer a heat-related average annual death rate almost twenty times the national rate of 0.02 per 100,000 civilian workers 4) . Between 1992 and 2006, an estimated 423 workers in the U.S. died from exposure to environmental heat. While describing heat-related deaths provides insights into the effects of heat exposure on worker health, the impact of heat injury can be challenging to measure, and little data exist describing the scope and scale of heat-related illness. California accounts for 16% of all U.S. crop production, and over 450,000 people are employed in agriculture, with more than two-thirds being of Latino ethnicity 16) . Despite California's Occupational
Safety and Health Administration's (Cal/OSHA) regulations which specify that potable water, toilets, shade and rest be provided to agricultural workers in the summer, heat related illnesses and deaths still occur 17) . California's agricultural workers endure extreme working conditions from long hours in the direct sun; they may have restricted ability to drink water, use a toilet, and access shade; and they may lack knowledge of the symptoms of heat stress and how to minimize risk. They also experience greater vulnerabilities from the effects of migration, poverty, low levels of education, poor housing conditions and the seasonality of farm work. Information that would help to understand the workers' perspective is limited 18) , but this knowledge is necessary to define all the factors contributing to increased vulnerability of agricultural workers from purely physiological to personal and cultural influences.
Therefore, the purpose of the present study is to describe Latino farm workers understanding about heatrelated illness and how they view their own vulnerability to summer heat conditions. Until this knowledge is gathered analyzed and acted upon, this population will remain extremely susceptible to the effect of heat exposure which is only predicted to grow more intense with increased global warming.
Subjects and Methods

Overall design and rationale
The Mexican Immigration to California: Agricultural Safety and Acculturation (MICASA) Study is a population-based sample of 467 hired farm worker households from Mendota, in Fresno County. Mendota was chosen because of its large proportion of immigrants from Mexico and Central America and high proportion of agricultural workers. Fresno County experiences hot, dry summers where temperatures in summer months average 98.5°F in July and 97.1°F in August and where record highs of 115°F have been recorded 19) . Baseline interviews were conducted with cohort participants between January 2006 − April 2007, and follow-up interviews were completed between November 2008 − February 2010. In this analysis, we present data collected at the follow-up interview on knowledge of heat-related illness risks and practices for heat illness prevention.
Household enumeration and sampling procedures
The goal of the sampling strategy was to select a random, community-based sample of Mexican and Central American farm worker families residing in Mendota, California. A stratified area probability sampling design was used with stratification into one of two census tracts and the census block as the primary sampling unit. Enumerators compiled a list of all dwellings (including houses, apartments, trailers, and garages) within randomly selected blocks. The relationship of the house's occupants, age, gender, ethnicity, involvement in farm work, and years of residence were ascertained at each mapped dwelling. Households with no hired farm workers were mapped but individuals were not enumerated. Further details of the enumeration and sampling procedures are provided elsewhere 20) .
Household and participant recruitment
Trained interviewers visited eligible households, explained the purpose and procedures of the project and attempted to recruit both the head of household and spouse. Eligible participants included men and women between the ages of 18-55 yr who self-identified as Mexican or Central American, resided in Mendota at the time of the baseline interview, with at least one household member engaged in farm work for at least 45 d in the previous year.
Informed consent
After verification of eligibility, the study objectives and procedures were explained, and individuals were invited to participate. Spanish is the primary language of participants, so all explanations and consents were provided in Spanish. Written consent was obtained from each eligible respondent who agreed to participate in the study. The study procedures were approved by the University of California, Davis Institutional Review Board.
Response rates for study participation
At baseline interview, 843 adults out of 1,039 eligible individuals (422 men and 421 women) completed an interview, and at follow-up 640 individuals were interviewed. Of those completing follow-up interview, 474 study par-ticipants reported working in agriculture in the year prior to follow-up and are included in this analysis.
Survey instrument
The survey instrument collected information on demographics, occupational and environmental risk factors, home environment, acculturation, smoking status, and health outcomes (respiratory health, injuries, mental health, and reproductive health).
The questionnaire was completed through in-person interviews and required approximately one hour to administer. The survey instrument was developed in both Spanish and English, with back translation to ensure its accuracy. Survey questions relied on relevant existing survey instruments, were developed by consensus among the investigators, and revised after review and pilot testing in the community.
Demographic characteristics
Age at follow-up interview, sex, income, and education were assessed for inclusion as possible modifying or confounding factors in analysis. Country of birth and years living in the U.S. were also examined as potential contributing factors.
Occupational factors
Analyses were restricted to individuals reporting working in agriculture in the previous year assessed at followup interview. Total number of years working in agriculture was obtained to create an index of overall longevity doing agricultural work. Additionally, a twelve-month work history evaluated number of days working in agriculture (categorized into quartiles) and primary crops and tasks worked in during this period.
Heat-related illness knowledge and practices
Questions on the interview related to heat illness focused on four aspects: training and knowledge, hydration, rest and access to shade. A heat knowledge scale was created based upon responses to five questions on heat injury prevention. This knowledge scale ranged from 0-5, with one point scored for each correct response. "High" knowledge was classified as correct answers to four or more questions (a score of 4-5) with less than four as the reference for logistic modeling.
Concern about personal risk of heat illness was assessed using a Likert scale question with responses ranging from not at all concerned to very concerned. Responses to a question about level of comfort with taking a water break ranged from very uncomfortable to very comfortable. These were both dichotomized into very concerned or very comfortable with other responses collapsed into one category. Questions assessing hydration asked if the employer provided beverages at the worksite, if employees brought their own drinks, and how many times per day they drink employer-provided beverages although the volume of beverages consumed was not assessed. Participants were also asked if they are able to take a break if feeling ill from heat and if shade is available to take breaks from the sun.
Statistical analysis
Statistical analyses explored the relationship of demographic and work characteristics with the level of heatrelated knowledge, concern about heat illness and level of comfort taking a water break. Preliminary analyses explored the bivariate relationship between selected independent variables and the outcome variables of interest. Based on those results and a priori hypotheses of interest, multivariate survey logistic regression models were constructed. The census tract and census block were included as strata and cluster variables, respectively, in the logistic models in order to account for sources of within-cluster correlation. All models were adjusted for age and gender. Statistical analyses were done using SAS version 9.3 (SAS Institute, Inc., Cary, NC).
Results
In total, 474 individuals completed follow-up interview and reported working in agriculture during the previous year. Of these, 263 were men and 211 were women, with a mean age of 40 (SD=9.6) yr (Table 1) . Two-thirds reported less than primary level of education (6 yr or less) and 43% reported annual family incomes less than $20,000. Sixty-four percent were Mexican-born, 33% were born in Central America with the remaining 2% U.S.-born. Men reported significantly longer residencies in the U.S. compared to women (19.7 yr vs. 14.8 yr, p<0.0001) as well as more years of experience working in agriculture (19.1 yr vs. 12.9 yr, p<0.0001).
There were also gender differences in the amount and type of agricultural work in the past 12 months, with men reporting an average of 222 d (SD=69.7) of work compared to 148 days (SD=67.3) for women (p<0.0001).
Reflecting the primary commodities grown in the Mendota area, melons (56.5%), tomatoes (49.4%), grapes (19.2%) and nuts (19.2%) were the most frequently reported crops worked by participants, and significantly higher percent-Industrial Health 2013, 51, 47-55 ages of men were employed in grapes, nuts and cotton compared to women. The most frequently reported tasks in the past year included packing/sorting (43.7%), picking (31.2%), and hoeing/weeding (27.9%). Women were primarily engaged in packing/sorting tasks (81.5% vs. 13 Over 91% of participants reported receiving training on heat-related illness although women were significantly more likely to report receiving training compared to men (p=0.0003) ( Table 2) . Additionally, men and women differed in their level of concern about the risk of heat illness at the workplace with over two-thirds of men compared to 25% of women reporting they were not at all concerned (p<0.0001). Overall, level of heat knowledge was moderate with 70% of both men and women responding with the correct answer to 4-5 questions, however, a significantly higher percentage of men responded with correct respons- es compared to women (p=0.001). While most respondents correctly stated that wearing dark colored clothing, age and being overweight were risk factors for heat stress, only 65% knew that prior history of heat illness was a risk factor. Additionally, only 24% responded correctly with the amount of time needed for the body to acclimate to heat (correct answer 2-14 d). In fact, 44% believed that the body could acclimate in less than two hours. According to participant responses, most had employers who provided beverages at the work site (87.8%), were able to take a five minute break if experiencing heat stress symptoms (89.7%), and had shaded area available to take a break out of the sun (93.0%). Workers reported drinking employer provided beverages an average of 11 times per day (SD=5.7), and there were no reporting differences by gender.
Using survey logistic modeling, we assessed factors associated with a high level of knowledge about heat illness, feeling very concerned about heat illness risk and being very comfortable taking a water break when needed. There were significant differences by gender in all three outcome measures. In age-adjusted models, women had more than twice the odds of reporting a high level of concern about heat illness and were significantly less likely to have a high heat knowledge score (OR=0.53; 95%CI: 0.35-0.81) Assessment of occupational factors included years worked in agriculture, days worked in agriculture in the past 12 months, crops and tasks worked in past 12 months, receiving training on the dangers of heat, and level of heat knowledge. Women and those with fewer years working in agriculture were less likely to have high heat knowledge, but these differences became non-significant in models adjusted for age and gender. In comparing quartiles of days worked in agriculture in the past 12 months, workers with fewer days reported greater concerns about heat illness compared to those in the highest quartile (Table  3) . Parallel to this, workers in the lowest quartiles of days worked in the past year were significantly less likely to report being comfortable taking a water break, but these differences were no longer significant after adjusting for age and gender. There were few associations with crop and task although those engaged in packing and sorting tasks were significantly less likely to have high heat knowledge (OR=0.57; 95%CI: 0.38-0.84) or to feel comfortable taking a water break (OR=0.42; 95%CI: 0.25-0.70), but these results were no longer significant after adjusting for age and gender. Machine operation task (driving tractors, trucks, heavy farm equipment) was associated with an increased odds of feeling very comfortable taking a water break (AOR=11.0; 95%CI: 1.46-82.9). In unadjusted models, machine operation was associated with a two-fold increase in the odds of high heat knowledge and irrigation tasks were associated with three-fold increase in the odds of feeling very comfortable taking a water break but both were non-significant upon adjusting for age and gender.
Discussion
The Intergovernmental Panel on Climate Change (IPCC) has published reports documenting objectively measured climate change endpoints, their causal effects on human health, projections for what to expect in years to come and how these changes will interact with human and environmental health in the future. These IPCC reports indicate an increase in mean global temperature, an increase in the magnitude and frequency of extreme temperature events (days and nights) and, in several high-risk geographic locations, identifies Mediterranean-like climates to be at increased risk for these events 2) . More importantly, the IPCC identifies populations of low socioeconomic status at particular risk due to concerns related to access to health care, housing conditions, and cultural practices 2) . It is also clear that outdoor workers, such as agricultural workers, are at potentially high risk given working conditions compounded by immigration status and socioeconomic circumstances. Despite this, relatively little is known about particular risks faced by farm workers and their level of knowledge and individual ability to implement heat illness prevention practices. There is published literature examining knowledge and attitudes related to heat stress and heat illness in older adults [21] [22] [23] and athletes 24) , but we are not aware of any assessments of knowledge and practices in farm worker populations.
One of the primary findings from this study and a major strength is the identification of notable differences between male and female farm workers. From an occupational standpoint, women work fewer days in agriculture and are largely engaged in packing and sorting tasks. Although women were more likely to report receiving heat illness prevention training, they reported higher levels of concern about the risk of heat illness at work and were less comfortable taking a water break than men. Since total days working in agriculture is significantly lower for women compared to men, the work may be more intermittent, and therefore women may have less stature with a particular employer (farm owner or labor contractor) resulting in diminished capacity to take necessary precautions for heat illness prevention.
Results related to level of concern and level of comfort taking a water break and work task are likely accounted for by gender differences in the tasks that men and women commonly engage in while working in California agriculture. In fact, many of the differences by crop and tasks became non-significant once models are adjusted for gender. Packing and sorting tasks are largely undertaken by women while machine operation, largely driving tractors, trucks and other heavy farm equipment, is primarily done by men. It may be that these results are driven by gender rather than an innate difference in crop or task, however, one exception to this may be for operating machines. This activity represents a higher-level task, rather than an entry-level job, and these individuals may indeed have more autonomy and job security, enabling them to feel more comfortable taking a break from working in the heat when needed.
While most workers reported receiving training, we did not collect detailed information on specific components of the training, and there is likely variability in the quality of worksite training. There was a moderate level of knowledge among workers about heat illness; most correctly understood that wearing dark clothing, older age and being overweight presented risks for heat stress. However, it is Table 3 . Factors associated with high heat knowledge, level of concern about heat illness and being very comfortable taking a water break among farm workers in MICASA study OR=odds ratio, 95%CI=95% confidence interval. * Models adjusted for age and gender. ^ Packing/sorting tasks may be done at the field or in processing plant depending on crop; involves sorting commodity by size and placing in boxes for transport. # Machine operation includes tractor driving, operating other farm equipment, driving trucks. ++ Irrigation tasks include setting up irrigation systems, laying pipe, monitoring watering in field. ** Reference for each crop type is those who did not work the specific crop in the last 12 months, (ie. for melons, the reference is those who did not report work in melons in past 12 months). ^^R eference for each task is those who did not engage in the particular task in the last 12 months (ie. for packing/sorting, the reference is those who did not report doing packing/sorting tasks in the past 12 months).
Industrial Health 2013, 51, 47-55
clear from these results that there is a lack of knowledge about the amount of time required to appropriately acclimate to hot working conditions since almost half of both men and women believed that less than two hours was sufficient time. Acclimatization benefits agricultural workers by providing increased tolerance to heat stress 6, 18) , however, the seasonality of farm work and inherent variability in securing and maintaining work may play a role in workers' ability to acclimate to hot working conditions. Further, water consumption reported by both men and women in this study is likely insufficient to insure proper hydration. According to Cal/OSHA, employers are not only required to provide workers with clean and cool drinking water, they must also encourage workers to drink an 8-ounce cup of water every 15 min to maintain hydration and counter body fluid loss when working outdoors in conditions of extreme heat 25) . If we make the assumption that workers spend six hours working in the heat, the recommendation would suggest consuming 8-ounces of water 24 times over the course of this time period. While the study did not collect the volume of fluids consumed, the overall average of drinks per day reported by participants in this study was 10.7, a level far below recommendations and unlikely to replenish fluids and maintain appropriate hydration for good health and performance 18) . However, we do not have data to provide information on the reasons for low levels of consumption-whether workers believe that they are drinking sufficient amounts or rather face other individual factors or situational conditions that preclude adequate consumption. These include perceived "costs" associated with accessing drinking water such as lost wages from taking breaks (especially among piece-work earners), negative reactions from co-workers or supervisors, lack of nearby bathroom facilities, and unsanitary facilities. Hydration is a key issue among farm workers since it is also reasonable that during several consecutive days of working in hot temperatures, workers may begin a shift without fully rehydrating from the previous day 18, 26) . A recent study of farm workers in North Carolina reported that while 94% of respondents worked in conditions of extreme heat, 40% of them reported symptoms of heat illness 27) . Furthermore, workers with authorization drank more water, took more breaks and changed work hours and activity to a greater extent than those working without authorization. While we did not have authorization status on participants, we examined other immigration factors including country of birth and number of years living in the U.S. None of these factors was associated with high heat knowledge, level of concern with heat illness or level of comfort requesting a water break. Since workers in the study were recruited based upon occupation as a farm worker at baseline interview and therefore had a minimum residency in the U.S., it may be that in this population, factors such as age, sex, education and income were more important determinants. Some limitations to this study should be noted, primarily the reliance on self-report by study participants. This is an initial attempt to assess heat knowledge and practices among farm workers to gain understanding of issues and concerns in this population. Interpretation of data for crop and task is challenging since workers often have more than one employer over a season of work and engage in a number of crops and tasks. Another limitation is the emphasis on recruitment of family farm worker households. Unaccompanied males are an important constituent of the farm worker population in California but were excluded from the MICASA study since these workers tend to be more migrant. This concession was made to improve longterm follow-up with cohort participants. While there may be factors related to knowledge and heat illness prevention practices unique to this segment of the farm worker population, participants in the MICASA study have demographic profiles similar to the National Agricultural Workers Study (NAWS) and California Agricultural Workers Health Study (CAWHS) 28, 29) .
Conclusions
In conclusion, these results suggest a number of important areas to target for heat illness prevention programs in farm working populations. Understanding the process of acclimatization and the risk to workers for heat illness should be an objective of educational programs. More research is also required to clarify water consumption patterns during work hours and the reasons that workers do not drink frequently enough to insure proper hydration. Additionally, the differences between men and women suggest that gender specific approaches may be necessary for effective awareness and heat illness prevention.
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